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X-ray apparatus 42 kV

" Description

2.1 Scope of delivery and brief description of the "X-ray apparatus 42 kV.," equipment

(Refer to Figure 1-5 on the folding page at the end of the book)

2.1.1 42 kV X-ray apparatus (554 90)

Apart from the basic apparatus (Figure 1), the scope
of delivery of the 42 kV X-ray apparatus (554 90)
comprises:

Slit diaphragm collimator () , which is inserted in
the beam outlet aperture and which permits stopping

down of a slim bundle of X-rays with an aperture of
approximately 0.5°,

Plug-on angular scale with 0.5 degree divisions
0°,..60°,

Counter tube holder © for the end-window counter
(559 05 or 01) for securing to the retaining disk
@ » coupled with the long pointer @ =

Shaft with sample holder @ for insertion into the
hollow shaft of the goniometer mechanism; secured
with a captive knurled screw @ 3 coupled to the
.ort pointer @ 5 on the sample holder, securing
attachments for the absorber holder (from 554 92)
and for the rotating table @ for placing mono-

crystals (554 77/78) and scattering elements @ 3
for instance.

In conjunction with a pulse-counting apparatus (e.g.
rate meter, 575 52, with digital counter 575 50),
the basic apparatus equipped with the slit diaphragm
collimator (A) , the angular scale (B), counter tube
holder (C) with end-window counter (559 05 or 01),
sample holder @ and rotating table @ forms a
counter tube goniometer which can be swivelled with
respect to the horizontal axis.

Experimenting rail ® » for insertion into the
sockets of the experimenting chamber, provided
with a millimeter scale with a zero mark located at
distance of approximately 110 mm from the cathode
spot of the X-ray tube (measured horizontally!).

Experimenting table @ s Which can be attached to
the experimenting rail ® s for instance, for
placing X-ray examination samples.

Magnetical adhesive suspension attachment @ s €.8.
v fixing X-ray examination samples.

Stepped cuvette @ after filling with chalk powder,
for instance, suitable for verification of attenua-
tion as a function of the material thickness.

Zircon sheet CI) s 0.05 mm thick;

predominately allows X-radiation of the MoK, ~1line
to pass, attenuates the shorter-wave Bremsstrahlung
and almost completely suppresses the Moﬁp-lme;
suitable for investigation of the wavelength

dependence of attenuation (K-edge) and for coarse
monochromatization.

Copper foil ® s 0.07 mm thick, mainly for verifi-
cation of the Compton effect and for investigation
of the wavelength dependence of attenuation.

Aluminium scatter element @ » especially for
verification of the Compton effect.

2 x 1.50 m stranded steel wire as hook-up cable for

connection of the basic apparatus to the TY recorder
(575 60).

2 cutter fuses each: 0.63 A slow-blow, 1.25 A slow-
blow and 2 A slow-blow.

Dust cover for the basic apparatus.

2.1.2 Accessories for the 42 kV X-ray apparatus
(554 90) with separate catalog numbers

Plate capacitors (M) (554 91), see Figure 2,

for insertion in the experimentation chamber of the
basic apparatus.

The 3 plug-in feet comprise the electrical connec-
tions which can be externally wired through the
sockets @ ’ @ of the control panel,

A low voltage of 0...25 V AC, is routed in through
@ and is converted to a DC voltage of O ...

250 V DC by a transformer incorporated into the
capacitor (see 5.2). When emitting radiation through
air, the ionization current generated between the
capacitor plates can be routed to a measuring ampli-
fier through @ .

(Refer to 1.17 and the group of experiments 4.4 for

dimensions, the current/voltage characteristics and
dose rate).

Absorption accessory (:) (554 92), see Figure 35
consisting of 2 cylindrical jacket segments with

7 slits each and a two-sided scale for attachment

to the basic apparatus,

On one segment, 6 of the 7 slits are covered with
aluminium layers having thicknesses of 0.5; 1.0;
1.5; 2.0; 2.5; 3.0 mm; this is used for quantitative
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i~vestigation of the dependence of attenuation on
thickness of the material (refer to experiment

4,7.2). On the second segment, 6 of the 7 slits are

provided with 0.5 mm thick layers of polystyrene,

aluminium, iron, copper, zircon and silver with

the atomic numbers 6; 13; 26; 29; 40; and 473 this

serves to investigate the dependence of attenuation

of the atomic number of the absorber (refer to

experiment 4.7.3).

Both segments each contain one open slit for

measuring the intensity of the unattenuated bundle

of rays. The segments are inserted in the sample

' holder . With the rotary knob (§) , the

I segments can be swivelle& out of the control panel of

the basic apparatus. The short pointer @ of the

basic apparatus indicates on the scale which sample

is in the path of the beam.

Film holder (B) and aperture @ (554 93),

see Figure &4,

Aperture (¢ 1 mm) which can be fitted onto the slit
diaphragm collimator for stopping out a fine
bundle of X-rays (for instance, required for Laue

and Debye Scherrer photographs; refer to experiments
4.6.1 and 4.6.4). ;

F*'m holder of transparent acrylic glass plate
\ - mm Xx 165 mm) with base foot for attachment to
the experimenting rail @ .

Singly packed flat X-ray films in a maximum format
of 9 cm x 12 cm are held on the film holder by means
of two included spring clips. A register mark for

the center of the film and the layouts of two differ-
ent, commercially available single-packing formats

of the 9 cm x 12 cm X-ray film (OSRAY from AGFA-
GEVAERT, commercially available) and the layout of
the 38 mm x 35 mm film for immediate daylight
development from Filmpack 2 (554 892) are printed

on the film holder as aids to correct positioning.

2.2 Description of the 42 kV X-ray apparatus
(554 90)

The X-ray apparatus is functionally subdivided into
the following parts (see Figure 6):

= Safety circuit (see Section 2.2.1)

- Radiation generation chamber (see Section 2.2,2)

' - Experimentation chamber (see Section 2.2.3)

= Control panel (see Section 2.2.4)

= Goniometer (2-fold swivel attachment with angular

{ 2le (see Section 2.2.5)

= ~iectrical power supply (not accessible to the
user; not described).

s

Figure 6 )
Large indicating lamp in the safety circuit
(A) Radiation generation chamber

® Experimenting chamber

@ Control panel

® shafts and pointers¥*) of the coaxial 2-fold
swivel attachment for the counter tube holder
@ and sample holder @ 3 these comprise a
goniometer in conjunction with the angular
scale . .

Housing for the electrical power supply and
mechanical facilities

®

X-ray tube with spherical cooling head (554 94) , see
Figure 5.

The tube is not included in the scope of delivery
of the basic X-ray unit (554 90). Please refer to
Sections 1.4 and 2.2.2 for technical data and a
description.

The "X-ray unit" equipment range also includes the
following parts which are not illustrated:

- Lithium fluoride monocrystal (554 77) and
sodium chloride monocrystal (554 78) for Bragg
reflection

- Lithium fluoride crystal (554 87) and sodium
chloride crystal (554 88) for Laue photography.

* When the apparatus is delivered, the pointers @
and @ are located within a recess in the housing
and can be moved to their proper operating position
by turning the knobs @ and @ to the left.
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2.2.1 Safety circuit

the apparatus is used in accordance with speci-
i1cations, the safety circuit guarantees completely
reliable protection against high-voltage or radia-
tion injury. It consists of the elements shown
schematically in Figure 7.

Elements of the safety circuit (schematic)
Pushbutton '"high voltage off"

Pushbutton "high voltage on"

Stepped switch for high voltage

Time selector switch

Safety contacts, actuated by the closed glass
sliding door

Safety contacts, actuated by the X-ray tube
screen

Bridge in the X-ray tube base

Safety contacts, actuated by the closed steel
sliding door @D

1 A slow-blow fuse 1ink

Large indicating lamp

& 8dd
®0 @0 6 PEEe®

Figure 7

2.2.2 Radiation generation chamber screws QQ on the left-hand inside wall of the
X-ray tube: vacuum X-ray tube with directly heated experimentation chamber fix the respective vertical
(ot cathode and molybdenum anode adjustment (see Figure 12).

Operating mode: half wave (half-wave rectification
of the applied AC anode voltage by the tube itself)

Operating voltage: alternating voltage from the high-
voltage transformer (Figures 10 and 11) adjustable
from 21 kV_ to 42 kV in 8 steps of approximately
3 kVp eachp(refer 218 to 1.4 and 1.5).

Cooling: The solid copper block of the anode trans-
fers the dissipated heat of the anode to the
cooling head; for this reason, this must not sit
loosely in the anode thread when the X-ray tube is
inserted. The tube and cooling head dissipate heat
to an air flow produced by a fan. In this case, the
tube screen serves as the flow duct.

Safety: The following serves the purpose of protec-
tion against high-voltage and radiation injury:
the tube screen consisting of plastic material Figure 8

Figure 9
containing lead,
the metal housing of the basic apparatus X-ray tube with X-ray spectrum of the
lead glass window and lead glass sliding door of . Cooling head radiation source at max-
the experimentation chamber. imum operating data (see
@D cathode system also 1.4)
The socket for the X-ray tube is firmmly fitted on & molybdenun anode
the bracket plate () . With a vertical adjustment lining

R AR RER SSRGS ERERERR RS

W » the radiation source can be externally
raised and lowered without the need for access to
the radiation generation chamber. Three locking

anode block of copper
cooling head
base

OO
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Figure 11

Radiation generation chamber, as in Figure 10, but

with

Figure 10
Radiation generation chamber with open metal
sliding door

Metal sliding door

Release pushbutton for the metal and lead
( glass sliding door @ and @
Cooling head of the X-ray tube
High-voltage transformer
High-voltage cable
Tube screen

@

Q@OOE

@

2.2.3 Experimentation chamber

The experimentation chamber (Figure 12) serves to
accommodate accessories and experimentation aids. The
cover and sliding door of lead glass provide easy
observation possibilities. Since the unit can only

be operated when the lead glass door is closed, the
experimenter is protected against radiation injury.

69

Figure 12
Experimentation chamber

@ Screw for vertical adjustment of the X-ray tube
(can only be actuated when the screws @) are
undone; refer to 3.3),

1 Locking screws for the goniometer adjusted by
2 J} manufacturer (Adjusting screws! Do not undo!)
Open lead glass door

Locking screws for the bracket plate @ with
socket @ for the X-ray tube (Figure 11); can
only be actuated during vertical ad justment of
the tube with screw !

Cable for counter tubes with socket for end
counter (559 05 or 01)

Q

R0

®

=window

additionally open tube screen @

X-ray tube
Radiation outlet aperture

@ Two contacts of the safety circuit which are

actuated by the tube screen @

Bracket plate as chassis of the radiation
source; for vertical adjustment of the tube,
this can be adjusted vertically with an
externally accessible screw @ after undoing
3 locking screws @

Socket for X-ray tube

Sockets for plugging in experimentation equip-
ment; an electrical voltage can be fed in from
the control panel through the insulated pair of
sockets; the remaining sockets are earthed by
the housing.

Luminescent screen of zinc cadmium sulphite,
diameter 150 mm, located behind a round lead
glass window. !
Important: The luminescent screen must be pro-
tected against direct sunlight as otherwise it
will become discolored.

Radiation outlet aperture, ¢ 42 mm, serving at
the same time as the mount for the slit dia-
phragm collimator @ -

The aperture allows a cone of X-radiation to
enter the experimentation chamber with an aper-
ture angle of approximately 23°,

Coaxial and shafts with attachments

for securing the shaft with sample holder @
and the counter tube holder © > €.8. for
setting up an adjusted counter tube goniometer
(refer to 2.2.5).

14
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/ ; (® Rotary knob for th-drive for setting the angle
€7D@ & -} between the cgunter tube and optical axis;
" e fisad g 4 witz:h cable drum for winding up the stranded steel
g o "SI['] "“.' u/u,,/lm wire when the goniometer is connected to the TY-
: : l‘\o e /I"’///,, recorder (575 60) or a suitable motor.
it I o

Rotary knob for 2% ~drive for setting the angle
between the sample and optical axis,
Metallic knurled screw for so-called

"2 ﬂ-coupl’ing"

Socket with 0.63 A slow-blow fuse link for the
primary circuit of the high-voltage Uf

Pilot lamp "High voltage on"

"Off" pushbutton for the high-voltage U}
Stepped switch for the high-voltage Uj

High voltage values adjustable in 8 steps of
approximately 3 kV each between approximately
21 kV  and approxigately 42 kv

"on* Bushbutton for the high-vgltage us

Slide control for adjusting the emission current
I ; adjustable from 0.05 mA to 1.0 mA

Coaxial socket for a current-sensitive measuring
amplifier (532 91), especially for measuring the
ionization current in the plate capacitor (554 91)
Input sockets for the low voltage for the plate
capacitor (554 91) in which a 0-250 V DC trans-
former is incorporated.

Counter tube output coaxial socket for connection
of the rate meter (575 52).

GG ® © ©
A

© ©® © 06

2.2.4 Control panel

The switching elements for the basic apparatus are
provided on the control panel (see also Figure 1).

. I Yy
e ey

{_g“'r

Figure 13
Control panel

@ Toggle switch for the mains voltage; pilot lamp

@ Pair of sockets for equivalence measurement of
the high voltage U4 with demonstration moving
coil instrument (531 86) or a different unit

9

8
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with a comparable internal resistance 5 4% o ¥)L—- 4)
1;& = 2.2 k{/V; measurement range 30 V AC; P = ‘ 3
p=&2bkp - Pursseee o @

ol /At

v 230 kv 230
Tms rms

® Pair of sockets for measuring the emission
current I _ with the demonstration multi-range
meter (53?486) or a corresponding unit,
measurement range 1 mA DC.
Time selector for preselection of the duty cycle
of the high-voltage U% Figure 13

15
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" 2.5 Goniometer (2-fold swivel attachment with
Zular scale); see Figure 14 and Figure 1

In conjunction with the angular scale © s @ coaxial
2-fold swivel attachment for the sample holder @
and counter tube holder (C) comprises a two pointer
goniometer which is included in the scope of de-
livery of the basic apparatus. By means of the goni-
ometer mechanism, it is possible to place samples
(e.g. monocrystals » absorbers or scattering
elements) centrally into a concentrated beam of
X-rays stopped down by the slit diaphragm collimator
@) and to incline it by defined angles 18 with
respect to the optical axis while at the same time
swivelling the end-window counter tube with angles

2 with respect to the optical axis concentrically
around the sample.

The counter tube holder and sample holder can be
moved irrespective of each other; however, they can

Figure 14
Goniometer mechanism (schematic)

@ Rotary knob for 1}2-drive for adjustment of the
angle ) between the counter tube and optical
axis

@ Rotary knob for*& drive for adjustment of the
angle between the sample and optical axis.

@ Metallic knurled screw for establishing the so-
called "2-1ﬂ-coupling" with @ :

. ".9‘1~poi.nter; on the angular scale , this indi-
cates the angle't’\l between the sample and optical
axis

also be coupled so that the anglesd? and Ak
covered have the ratio 2 : 1 (knurle% screws @).
The goniometer is then operated in the so-called
“2-'}-coup1ing" mode.

It is absolutely necessary to avail of a knowledge
of the details of the goniometer mechanism and the
adjustment facilities in order to use the apparatus.

Figure 14 consists of a schematic diagram.

The mechanism is invisibly concealed in the rear
part @ of the housing (Figure 6); only the two
coaxial shafts for securing the sample holder @

and the counter tube holder @ jut into the experi-
mentation chamber. The control knobs (3),(®) , (@) for
the angle drives and the "2-7}‘-coup1ing" are accom-
modated on the control panel in order to facilitate
adjustment and modification of the angles‘lﬂ and 19\2
while the experimentation chamber is closed.

@ Ig-pointer; on the angular scale , this indi-
cates the angle 1’\2 between the counter tube and
optical axis.

Captive knurled 'screw for securing the shaft
with sample holder @

Retaining disk on the ‘J‘~shaft designed as a
hollow shaft, coaxially to @ provided by two
60° mutually offset guide grooves for fitting
the counter tube holder © (see also Figure 12).

‘Rotary table which can be secured to the sample
holder @.

'l%.-shaft, coaxial to @ s With front notch and
bore for insertion of the shaft with the sample
holder

2 : 1 angular transmission for coupling both
VJ-shafts so that A’J‘z :AJ‘I =2:1

Cable pulley on the vo‘z-rotary knob for driving
the goniometer with an external motor; suitable
for connection of the TY recorder (575 60).

@ Counter tube holder for the end-window counter
(559 05 or 01) which can be optionally inserted

in one of the two guide grooves of the retaining
disk @) .

@ Sample holder with securing attachment for the
rotary table @ and slot for accommodation of
the absorber holder (from 554 92).

16
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3 Handling

3.0 General notes

Every unit is carefully adjusted by Messrs. Leybold
Heraeus, but is delivered without an X-ray tube. The
X-ray tube (554 94) with molybdenum anode belonging
to the unit is not included in its scope of delivery.

After insertion of the X-ray tube (or after replace-
ment should this become necessary later; see Section
3,1), the unit is ready for use for all experiments
which can be carried out without a slit diaphragm
collimator (&).

Due to unavoidable production tolerances, the X-ray
tube must be vertically adjusted once (see Section
3.3) for experiments with the slit diaphragm colli-
mator (&) (refer to experiments 4.6 ££).

1f the path rays has become maladjusted due to
improper handling of the unit (e.g. inadmissible
actuation of the adjustment screws s 5
readjustment should be carried out only by the ser-
vicing agents of Messrs. Leybold Heraeus if the
measures described in Sections 3.3, 3.4 and 3.5 are
of no avaii.

3.1 Inserting the X-ray tube (554 94)

| _
| ‘5*@@@ & &

Figure 15 Inserting the X-ray tube

Open the steel sliding door @ after operating the
release pushbutton @ , undo the knurled screws
on the tube screen 63 and remove its front section.

Very thoroughly clean dust, fingerprints and persis-
tent soiling from the interior and exterior of the

tube screen @ , the tube socket @ , the
jacketing of the high-voltage transformer, the high-
voltage cable 62 and, above all, the X-ray tube and
the cooling head @) with a dry, lint-free cloth in
order to avoid high-voltage arcing-over and creepage
currents.

Do not use aggressive liquids (alcohol or solvents,
etc.) for cleaning!

In order to remove persistent soiling (e.g grease),
moisten a cloth with detergent; after treating parts
in this way, carefully rub them dry with a dry cloth
to ensure that no detergent residues remain.

Carefully screw the cooling head into the anode hole
of the X-ray tube and tighten it slightly, at the
same time making sure that, as far as possible, you
touch the tube only with a clothj

hold the tube by the cooling head @ and the base
@ and, with the anode in the correct position
(see Figure 15), firmly insert it into the socket
and plug the high-voltage cable @ onto the
cooling head @ H :

once again screw the tube screw into place and close
the chamber (the locking element must engage).

3.2 Activating X-radiation (see Figure 1)

Check that the mains voltage selector @ is set to
a value which agrees with the mains voltage in the
room you are working; if necessary, change the set-
ting accordingly (see Section 3.6).

Connect the apparatus to the mains socket with the
mains cable and switch it on with switch @ s the
pilot lamp lights up.

On the time selector @, set the desired time or
any time up to 2 hours (the high-voltage can other-
wise not be activated because the time selector
switch lies in the electrical safety circuit);

set the stepped switch @ for the high-voltage

U to Stage 1 and set the slide control @ for
the emission current IEM to 0.05 mA (minimum value).

Activate the high-voltage with the "on'" pushbutton

@ .

Once all safety precautions have been taken:

a) X-ray tube correctly inserted and tube screen
properly installed (see Section 3.1),

b) Sliding doors @ and @ internally locked
(by engaging),

c) Time selector (&) operated,

d) Stepped switch @ for high-voltage set to
Stage 1,
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, “en the high-voltage pilot lamp @ and the

| -thermore visible large indicating lamp @
light up.

The X-ray tube emits a pulsating X-ray beam with a
spectral distribution corresponding to the peak
voltage 21 kVp.

If the emission current I_ and anode high-voltage
U# are to be determined, connect two suitable
measuring instruments such as demonstration multi-
range meter (531 86) to the foreseen pair of

sockets @ and @ .

Measuring range for emission current I_: 1 mA DC
for high-voltage Uj : % V AC;
R:l = 2.2 kQ/v.
The high-voltage is measured at a coil coupled in-
ductively to the primary coil of the high-voltage
transformer. Multiplied by 103 2 , the average
rms voltage indicated by the measuring instrument in-
dicates the peak value of the high-voltage U}:
1Y RN 10392’V (slight deviations from
this mean value are possible, among other things due
to production tolerances of the high-voltage trans-
former, differing operating temperatures and loads).

cuaEe e BigC oL aRe B 28pped YR P ot
approximately 42 kV_ (Stage 8); approximately 30 V
are then indicated gn the voltmeter. e

The emission current can be continuously adjusted
up to 1.0 mA with the slide control @ . An elec-
tronic regulation circuit limits and stabilizes the
emission current to the set value.

In a dimmed room, a green luminescence caused by the
emitted invisible X-radiation can now be observed on
the fluorescent screen. The apparatus is now ready
for use in experiments without slit diaphragm
collimator (%).

3.3 Vertical adjustment of the X-ray tube

A fine concentrated beam of X-rays is required for
various experiments. This is produced with the slit
diaphragm collimator(A) (see Figure 1). The diver-
gence of the beam of rays amounts to approximately
0.5°,

The longitudinal axis of the collimator defines the
optical axis of the path of rays. Vertical adjustment
of the X-ray tube means: moving the cathode spot of
the tube to the optical axis (see Figure 16.1).

Figure 16.1

iate
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Figure 16.2

Path of X-rays through the slit diaphragm collimator
when the cathode spot is in correct position (Figure
16.1) and when it is too low (Figure 16.2).

An indicator of the correct height of the X-ray tube
is the intensity maximum of the beam of rays mea-
sured with the end-window counter tube, This maximum
is found in a test setup as shown in Figure 17 by
raising and lowering the X-ray tube.

Apparatus:

~ X-ray apparatus with split diaphragm collimator @

and end-window counter 554 90/%
End-window counter for

beta and gamma rays 559 05 or 01
Cable for counter tubes, 100 cm 559 07

Rate meter. ) 575 52
Demonstration multi-range meter 531 86
Additionally:

Screwdriver

Setup:

Set up the apparatus as shown in Figure 17;

Insert the split diaphragm collimator @ in the
beam outlet opening (until it engages).

After removal of the protective cap, fit and secure
the counter in the counter tube holder,

secure the counter tube holder in the right-hand
guide groove of the retaining disk @ and con-
nect the cable for counter tubes @ to the
counter tube.

Connect the counter tube output @ to the input of

the rate meter using the cable for counter tubes
(559 07).

Connect the demonstration multi-range meter to the
output of the rate meter; measuring range of the
instrument: 10 V DC.

18
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Figure 17 @

Make the following settings on the rate meter:

- At the pushbuttons @ > set the counter tube
voltage to approximately 460 V (on older counter
tubes, it may be additionally necessary to rede-
fine the counter tube plateau)

- Rate meter measuring range (Knob (B)): 1,000 imp./s
per volt;

- Drive an audible signal generator as required.

-
£xecution:

In order to measure the intensity, set the counter
tube with the rotary knob (8) for 1}-drive to 0°

- * 0.2° on the angular scale (pointers @ ) and

* switch on the counting apparatus (rate meter) and X~

° Tay apparatus;

set the stepped switch @ for the high-voltage Uﬁ

to Stage 1;

with the slide control @ » preselect an emission

current I of 0.05 mA and set a time of approxi-

mately 15 minutes on the time selector switch @ H

do not switch on the high-voltage yet.

Loosen the locking screws @ just enough to move
the tube fixture; completely lower the tube with
¢ fixture by turning the slotted screw @ to the

2 view to well-defined adjustment, it is recom-
led always to set the required height only from
Same side (best from below) due to the slight

d play of the screw @ and the required fric-
in the tube fixture.

R
"tl_}e lead glass sliding door @ and activate
Voltage with pushbutton @ -

= SN |

]

For a rough adjustment of the intensity maximum,
continuously raise the tube by slowly turning the

screw @ to the right until the intensity maximum
is clearly exceeded.

For fine adjustment of the vertical position, lower
the tube to just below the intensity maximum and
then raise it to the now known maximum as carefully
as possible;

carefully and uniformly tighten the three locking
screws Qg) and then check that the vertical adjust-
ment has no longer changed.

When using this procedure, please remember that the
indicated rates are constantly subject to slight,
irregular fluctuations due to the pulse statistics.

Precision adjustment:

The previously described procedure leads to satis-
factory axes adjustment of the cathode spot, thus
making it possible to carry out all experiments
requiring the slit diaphragm collimator.

Figure 18
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‘ep-by-step raising of the tube and counting the
pulses with the digital counter (575 50) may produce

an

even slightly more precise adjustment with a

slightly increased pulse rate if you proceed as
follows:

1.

2.

Search for the maximum as described above, making
a note of the rate (point A in Figure 18).

Lower the X-ray tube by 3 screwdriver turns, for
instance, and raise the tube step-by-step with
1/4 screwdriver turns until the maximum is
clearly exceeded; make a note of the rate at each
setting. A graphic notation of the relationship
between 1/4 screwdriver turns and rates is recom-
mended (see Figure 18).

3.

Once the maximum has been reliably recognized,
first of all lower the tube once again (3 full
screwdriver turns below the maximum) and also pre-
cisely count down the number of quarter turns so
that you will know how many quarter turns are then
nneded to move the tube from the lower position to
its optimum height, Final adjustment of the tube
(from below due to the thread play) can now be
carried out strictly with the number of quarter
turns determined on the basis of the table (or
curve as shown in Figure 18).

Then carefully tighten the 3 locking screws @
uniformly and then check that the vertical adjust-
ment has not changed during this time.

3.4 Assembly of the goniometers for experiments with the Bragg configuration .

Carry out installation in the following sequence (see
Figures 19.1-19.5 and Figure 1).

N
al

Insert the slit diaphragm collimator @ in the
beam outlet opening (until it engages), see
Figure 19.1.

" After removal of the protective cap, insert the

c)

d)

e)

f)

g)

h)

end-window counter tube (559 05 or Ol) into the
counter tube holder @ and screw it tight.

Insert the counter tube holder with end-window
counter tube in the right-hand guide groove of the
retaining disk @ and secure it as shown in
Figure 19.2,

Ccnnect the counter tube cable @ to the counter
tube as shown in Figure 19.3.

Insert the shaft of the sample holder @ into the
hole of the '(5‘ —axis and, by firmly tightening
the captive knurled screw @ on the rear of the
X-ray apparatus, fix it in the experimentation
chamber as shown in Figure 18.4 (the face notch in
the 1} -axis holds the sample holder in a defined
position).

Fit the rotating table @ to the sample holder
with the screw and the plastic wing nut
shown in Figure 18.4,

With the wing nut @ loosened, place the mono-
crystal (554 77 or 78) in position without
touching its square surfaces with your fingers,
carefully raise the table @ with the crystal so
that the crystal is held on the table by the stop
@) of the sample holder @ (see Figure 19.5);
avoid tilting by pressing it on! Cautiously
tighten the wing nut.

Attach the angular scale and slide it to the
right until it moves no further.

as

i) With the 1X-coupling (screw (D) undone, set the

short V\~pointer @ to 20°, for instance, with
the rotary knob (8) and set the longi} -pointer
@ toto 2\; = 40° with the kaob (3.

19.1
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Important: Carry out angular setting very carefully;
observe parallaxes!

Establish 2-1’¥coup1ing by firmly tightening the

screw @ :

Important: Hold the rotary knob (:) when tightening
the screw CD !

3.5 Functional checking of the goniometer

The X-ray apparatus is delivered with the goniometer
adjusted. Thus, within the framework of the scope of
performance of the configuration, optimum conditions
have been provided for angular adjustment and indi-
cation and for the registration of sufficiently
high counting rates. If the X-ray apparatus (with
vertically adjusted and hardened tube, see Sections
and 3.7) is operated properly, these can only
ve impaired by unavoidable production tolerances
which can lead to differences between the indicated
and set angles. Such deviations can be determined

Figure 20

Experimentation chamber prepared for experiments
with the counter tube goniometer
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After connecting an apparatus for the power supply
of the end-window counter tube (559 05 or 01) and
for measurement of the pulses registered by the
counter tube (e.g. rate meter 575 52, with digital
counter 575 50 or the moving coil instrument 531 86)

to the coaxial socket CZ? > the counter tube gonio-
meter is ready for operation.

during functional checking of the counter tube
goniometer. For this purpose, find the diffraction
maxima of the first order of the molybdenum-Kec

and -Kp lines in a Bragg configuration and ascertain
whether or not the following criteria are fulfilled:

1) Separation of the lines Mo K, and Mo Kp (see
Figure 9),

2) Correct indication of the diffraction angles,

3) The expected amplitude of the pulse rate at the
diffraction maximum of the first order (approxi-
mately 2 x 10° imp./s) for the Mo Kline at
maximum X-ray apparatus operating data.
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laratus:

Slit diaphragm collimator @ )

Angular scale ) from
Counter tube holder © ) 554 90
Sample holder (D) with table @3 )

NaCl monocrystal (without yellow marking) 554 78
End-window counter tube

for beta and gamma rays 559 05 or 01
Cable for counter tubes, 100 cm 559 07
Rate meter 575 52
with demonstration multi-range meter 531 86
Alternatively (if higher accuracy required):
Digital counter 57550

Setup:

Assemble the setup as shown in Figure 21, observing
the instructions provided in Section 3.4:

On the rate meter, set a counter tube voltage of
approximately 460 V (Knobs (@ 1if the plateau is
guaranteed at this value; if necessary, record the
characteristic).

Rate meter range for pulse counting (Knob @):
0 imp./s per Volt.

Carrying out the check:

Switch on the rate meter; switch on the X-ray appar-
atus with switch @; on the time selector @, pre-
select an operating time of = 15 min; switch on the
high-voltage with pushbutton @ .

Set the high-voltage UJ to Stage 8 (42 kV ) with the
stepped switch @ and set the emission €urrent IFM
to 1.0 mA with the slide control @ .

Set the coupled goniometer to the angles 1}1 = 7.25°
and = 14.5° with the rotary knob @ .

With this set_t:.ing, a pulse rate of approximately

2 x 10° imp s ~ should be measured on the Mo Ko
line.

If this is the case, slowly adjust the goniometer to
spaller angles with the rotary knob (8) , down to the
position of the Mo Kgline (v = 12.85° and

= 6.43%);

Observe the rate meter indication during movement,

If an increase in the pulse rate has resulted,
repeat the procedure - always alternating between
the<)-pointer and V/)-pointer - until no further
improvement is achieved.

The rate shou}f now approximately lie at

2 x10% imp s ~ (Mo K« line). Now couple the 1k axis
and thevh axis with the knurled screw @ > while
the two pointers are in this position, and slowly
turn back the goniometer by the angle (2-%) = 1.65°
with the rotary knob (5). As described above, the
rate must pass through a sharp minimum in this case
and must reach 2/3 of the rate of the K¢ line at the
subsequent maximum (Mo Kﬁ line).

At the same time, the pulse rate must pass through a
sharp minimum and finally reach a maximum

- (Mo Kp line). Here, the indicated pulse rate should

be approximately 2/3 of the value measured at the
Mo Kycline. The relative position and the intensity

" of both lines are shown very clearly in Figure 9.

The apparatus is adjusted in this case.

‘1f, during the first angular adjustment (Mo K line),
the measured rgie is considerably less than

2 x 10° imp s , then carry out a step-by-step check
in the following sequence before searching for the
Mo Kﬁ, line:

a) Turn the NaCl crystal to the remaining 7 possible
positions on the rotary table one after the other
and measure the rate anew each time (mark the
optimum position of the crystal by means of adhe-
sive strips on the narrow side).

If, even in this case, a satisfactory rate can
still not be measured,

b) search for the intensity maximum in the proximity
of the set angles (7.25° and 14.5°):

After undoing the 2-1,Q-coupling (knurled screw @ X
search for an intensity maximum in the proximity of
the 7.25° setting by slowly moving the short 2 -
pointer to and fro with the rotary knob ® . Once
such a maximum has been found, an improved maximum
must be sought in the proximity of 14.5° by accor-
dingly varying the ‘va\z setting with the rotary knob
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TE
) there is a sharp separation of the lines Mo K
and Mo K3 ,

2) the angles at which the lines were found also do
not deviate by more than + 0.2° from the theore-
ticalq k ory), value and if

3) the pulse rates at the determined optimum angle
settings approximately reach the specified values,
then the apparatus is adjusted well.

Angular deviations can be noted down and used, if
necessary, for calculatory corrections (this is also
possible at deviations greater than + 0.2°),

A rate which is too low (even if the angular indi-
cations are satisfactory!) may be caused by:

a) an X-ray tube which is not hardened (see Section
3.7) or

b) inadequate vertical adjustment of the X-ray tube
(see Section 3.3) or

c) maladjustment of the goniometer axes which cannot
be remedied using the measures described in Sec-
tions 3.4 and 3.5 (inform our servicing agency in
this case).

If there is no separation of the two lines Mo Kand

Mo Kﬁ s then the goniometer is also maladjusted.

If only the angle indications no longer lie within
the specified tolerance range, then it may be neces-
sary to adjust the pointers; it is difficult to do
this and, in this case, it is thus necessary to con-
tact our servicing agency.

s

< CLO;& "‘ ;6669

®

Figure 21

3.6 Conversion to mains voltages other than 220 V AC; replacing fuses

Important:
Remove the mains plug before replacing fuses!

BEER A NAENEENEREERER

3.6.1

In order to convert to mains voltages other than

220 V AC, replace the 1.25 A slow-blow mains voltage
fuse used for 220/240 V AC (2.0 A slow-blow for
110/125/150 V AC) in the mains voltage selector (0
as shown in Figure 1.

placement order numbers for fuses; 1.25 A, slow-
ow: ET 69 816
0 A slow-blow: ET 69 808

Figure 22
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( order to replace the mains voltage fuse, insert a

coin in the slot @ and turn it until the "O" is

next to the white marking (b) as shown in Figure 22.

Catch hold of the fuse which has sprung out of the
opening @ in this position; slide a new fuse
(chosen dimensioning in accordance with the mains
voltage) into opening () and, using the tip of a
ballpoint pen or similar, push it downwards while
turning the coin in slot @ at the same time; set
the voltage selector so that the value specified on
it for the local mains AC voltage lies next to the
marking @ -

3.6.2
Replace the 0.63 A slow-blow, high-voltage fuse in
socket as shown in Figure 1.

Replacement order number for the fuse 0.63 A slow-
blow: ET 69 813

Unscrew the fuse holder with the fuse inside it,

replace the fuse and then once again screw the cap
tight,

3.7 Hardening the X-ray tube

77 an X-ray tube has not been in operation for a

{ ger period of time (more than 6 weeks), it will
become "soft" due to gas molecules from the glass
and metal surfaces. When a soft tube is put back
into operation, a drop in the emission current I

is discovered immediately after switching on,

This effect is particularly disadvantageous during
quantitative experiments. If this is the case, then
you should proceed as follows:

Connect a suitable measuring instrument to the pair
of sockets (3) in order to measure the emission

current 1 (e.g., the demonstration multi-range
meter 531556) and put the X-ray apparatus into
operation:

Switch on the X-ray apparatus with switch @, set
an operating time of 2 hours on the timer @, set
the stepped switch @ to Position 1, switch on the
high-voltage U4 with pushbutton @ and set the
eéssion current IEM to 1 mA with the slide control
Once the emission current has reached the first set
value of 1 mA after a temporary drop, set the
stepped switch @ to Position 8 and now wait at
this high-voltage stage for the emission current to

bilize to 1 mA. The tube can be considered as
w.cdened once this has occurred.

3.8 Fault-finding

3.8.1 Activation problems

The main pilot lamp @ does not light up after

switching on:

Possible causes

Remedy

a) No mains voltage

b) Fuse @ defective

c) Incandescent bulb in
@ defective

Figure 23

In order to remove the red cover hood s take hold of

it with your thumb and index finger in the direction
of the arrows, apply slight pressure and lift up the
hood at the same time. Replace the double-ended tubu-

lar 12 V, 3 W incandescent bulb (replacement order
No. ET 69 760).

Determine and eliminate
the cause,

Replace the fuse (see
Section 3.6)

This does not impair oper-
ability of the apparatus;
have the incandescent bulb
replaced during the next
visit of the servicing
technician,

24
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The large indicating lamp (& does not light up
when the high-voltage is switched on with push-
button @? :

Reason:

The safety circuit is not closed and one of the func-
tional elements shown in Figure 7 is switched off. Nc¢
high-voltage can be applied to the tube.

Possible causes Remedy
a) Time selector'@ set | Preselect a time
to zero
b) Stepped switch for Set switch to Stage 1

high-voltage @) not
set to Stage 1

c) Sliding doors QD or | Close doors properly
é} not locked

d) Tube screen @ Determine and eliminate
(Figure 10) not in- the cause (see Section
stalled or not prop- 3.1).
erly fitted

e) X-ray tube not in- Determine and eliminate
stalled or is not the cause (see Section
correctly fitted 3:1)

f) Incandescent bulb in Replace as shown in
defective Figure 23

o' “*alfunctions other Inform the servicing

( chan a)-f) agency. The 1 A slow-blow

fuse permanently installed
in the interior of the
apparatus ((:)in Figure 7)
must not be replaced by
the user since, when it
blows, it indicates a
defect which, in certain
circumstances, may be a
grave one.

3. The high-voltage pilot lamp (:) does not light up
although the large indicating lamp @ is bright.

Important:
The high-voltage may still be applied to the X-ray
tube despite a faulty indication of the lamp (:)!

Possible causes Remedy
a) Fuse in defective | Replace (see Section 3.6)

b) Incandescent bulb in |This does not impair oper-
(:) defective ability of the apparatus;
have the incandescent bulb
replaced during the next

{ visit of our servicing

technician.
¢) Malfunctions other Inform our servicing
than a) and b) agency

3.8.2 Loud crackling in the ray generation chamber
Sometimes loud crackling occurs in the ray genera-
tion chamber during operation of the X-ray appara-
tus with a very high voltage. This can be ascribed
to high-voltage arcing-over in the area of the
high-voltage cable due to soiling (e.g. due to
slight accumulation of dust). This effect is not
only an annoying accompanying phenomenon during
operation of the apparatus, but also considerably
stresses the electrical systems. Immediate elimi-
nation of the cause is therefore necessary.

First of all, carefully clean the coverplate of the
transformer, the high-voltage cable and the cooling
head of the X-ray tube with a clean, lint-free cloth
soaked in alcohol. In certain circumstances, it may
be necessary to clean the X-ray tube if the X-ray
apparatus is stored in dusty rooms; however, this
should not be done unless the first measure pra-
duces no considerable improvement because, after
removal of the X-ray tube, readjustment cannot be
avoided in most cases (see Section 3.3).

3.8.3 Unsatisfactory experimental results:

1. During screen investigations (high-voltage
Stage 8!):

Possible causes Remedy
a) Soft X-ray tube Reharden the X-ray tube
(emission current (see Section 3.7)

has dropped)

b) X-ray tube too old Replace the X-ray tube
(after more than 300 | (see Section 3.1)
hours of operation)

2. During plateau determination in a capacitor
experiment:

Possible causes Remedy

a) Soft X-ray tube Reharden the X-ray tube
(emission current (see Section 3.7)
has dropped)

b) X-ray tube too old Replace the X-ray tube

(after more than 300 (see Section 3.1).
hours of operation)

c) Voltage transformer Carry out a check in
in the capacitor accordance with experi-
defective . ment 4.4,1; if defective,
send in the capacitor for
repair
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3, «n the case of Laue or Debye-Scherrer photographs:

Possible causes

Remedy

a) Soft X-ray tube
(emission current
has dropped)

b) X-ray tube too old
(after more than 300
hours of operation)

c) Height of the X-ray
tube maladjusted

Reharden the X-ray tube
(see Section 3.7)

Replace the X-ray tube
(see Section 3.1)

Adjust the height of the
X-ray tube (see Section
3.3)

4. During the examination of spectograms in a Bragg

configuration:

In a Bragg configuration, the Mo Kxand Mo Kg lines
are not correctly resolved with the goniometer or
measured at incorrect diffraction angles.

Possible causes

Remedy

Path of rays maladjusted
(e.g. X-ray tube not

v- *ically adjusted) or
& .iometer maladjusted

If necessary, vertically
adjust the X-ray tube
(see Section 3.3) and
carry out a functional
check of the goniometer
(see Section 3.5);

If the apparatus is other-
wise maladjusted, inform
our servicing agency

5. During counter tube measurements

Too low or irreproducibly fluctuating pulse rates are
measured with the counting tube:

Possible causes

a) Soft X-ray tube
(emission current
has dropped)

Remedy

Reharden the X-ray tube
(see Section 3.7)

b) X-ray tube too old
(after more than 300
hours of operation)

Replace the X-ray tube
(see Section 3.1)

¢) X-ray tube not ver-
tically adjusted

Vertically adjust the
X-ray tube (see Section
3.3)

d) Fault in the
counting apparatus

Pursue the fault further
there

Important:

Should malfunctions or faults occur which cannot be
remedied with the measures listed in Section 3.8,
please make use of our servicing agency in all cases!
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